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DIAGRAM
2543111

FHEA
REF .
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PREFPARED BY: MIWG

PROJECT: SRMS -S MCIU NSIALLED SYSTEM: ELECIRICAL SUBSYSIEM
ass'r NoWENCLRTORE: ORI POCER COBTTIONET———  Si31e%: KLESIRIEM, SHEET:
FAILURE MODE FAILURE EFFECT HOVA / FUNNC, RATIONALE TOR ACCEPTANCE
AND oM ral ]
CAUSE END ITEM l:.”":llln_' SCREENS: A-PASS, B8-PASS, C-PASS
MOOE - TOR +7-15 AND DESIGN FEAIURES
LOSS OF ONE 0¥ MCIU WL | erememiaanaa
0O/ MORE DETECT ABE
OUIPUTS FROM COMMUMICATIONS TRANSFORMERS AND INDULTORS ARE DESTIGNED SPECIFICALLY FOR THE
SHOULDER/ FAILURE AND APPLICATION, VHESE ARE TOROID - WOUND AWD UTILIZE A FERRIIE
ELBOW DR APPLY CORE MATERTAL, CHOICE OF WEIRE SI2E AMD OF THSULATION MATERIALS
WRIST JPC. AUTOBRAKE S ENSURE JWAT THE DEMATING REQUIREMENTS OF SPAR-ANS-PA.00) ARE
10 THE ARM. MET.
CAUSE(S):
(1) PARTS TOR S.%¥: ALL RESISTORS AND CAPACITORS USED IN [HE DESIGN ARE SELECIED
FASLURE COMMUTAION FROM ESTABLISHED RELIABILITY (ER) TYPES. LIFE ENPECIANCY IS
UIPUE DEIE WILL INCREASED @Y EMSUAING THAI ALL ALLOWABLIE SIRESS LEVELS ARE .
FILTERS INETIALE DERATED IN ACCORDANCE WYTH SPAR-AMS-PA.0DY. ALL CERMAMILC AND
|Ilﬂs’dl‘ls AUTOBRAKES . ELECIROLYTIC CTAPACITORS ARE ROUIINELY SUBJECTED 10
OR POMER ENCODEN RADIOGRAPHIC INSPECTION. .
TRANSISTIORS DATA FROTEN.
FAIL OPEN OA IF FAFLURE DISCRETE SEMICONDUCIOR DEVICES SPECIFIED 1O A1 LEAS!? THE Ik
SHORTED. OCCURS BEFORE LEVEL OF MIL-S-19500. ALL DEVICES ARE SUBIECTED 1D

SUPERCEDIMG DAVE:

ARM SELECIED
JOINY ANGLE
OATA WILL 8E
INACCURATE FOR
AFFECIED
JOINTS,

LOSS OF POMER
10 POVER
SWIICHES .

OR ALL
CAUSES:

ARM COMES

10 REST.

LOSS OF
COMPUTER
SUPPOR TED
MOOES. LDSS Of
LIMPING DURING
EMD EFFECTOR
CAPIURE. IF
WRIST JPC: EMD
EFIECIOR AUTO
DRIVE MODE MAY
HOT FUMCTiOWM
CORRECTLY.

UORST CASE
UNEXPECTED
MOTIOM. FREE
JOINT.
AUIDBRAXES .

REDUNDANT PATHS
REMAINENG

NONE

AE-SCREEMING BY AN INDEPENDANI 1ESY HOUSE. SAMPLES OF ALl
PAOCURED LONS/DAIE CODES ARE SUBJECIED 10 DESTRUCTIVE PHYSICAL
ANALYSIS (DPA) 10 VERIFY THE INTEGRITY OF THE MANUFACIURING
PROCESSES. DEVICE SIRESS LEVELS ARE, DERATED IN ACCORDANCE
WITH SPAR-AHS-PA.005 AND VERIFIED BT DESIGN REVIEM.

CONPARATORS AND OPERATIONAL AMPLIFIERS ARE STANDARD L INEAR
INTEGRATED CIRCUIYS WIEM MATURE MANUFACIURING JTECHNOLOGY.
APPLICAT IOW COMSIRAINTS ARE [N ACCORDANCE MITH
SPAR-RNS-PA. 003,
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PREPARED BY:

NG

PROJECT: $ANMS
ASSty woMERTTR

FANTUNE WDt

AND

CALSE
L
L0%S OF OuE
Of NORE
OUIPUIS PAOM
SHOULDER/
ELDON OR
WIST JpPC,

CAUSE{S):
(1) PARIS
FAILURE
ouTPUT
FILTERS
1ransroluens
O POVER

INANSISIONS
FAIL OPEN OR
SHORTED,

SUPERCEDING DATE:

oSt P

SYSIEW: ELECTRICAL SUBSYSTEM

FANLURE EfFECE
Oon

1} AUIOBRAKES
(1OR SAFING
THE SYSIEN)

2} BACK-uP
ORIVE AND END
EFFECTOR MANUAYL
DRIVE MODES (10
SECURE
ORDPITER).

assty p/RTSITLOFYTS

nnu; g rowe. RAVIOWALE 10R ACCEP IANCE
/10
CRITICALITY

ACCEPTANCE I£STS

SCREENS: A-PASS, B8-PASS, C-PASS

THE JPC 1S SUBJECIED 1O IHE FOLLOMING ACCEPTANCE ENVIROMMENTAL
FESTING AS AN SRU,

O VIBRATION: LEVEL AND DURATION -
0 THERMAL : +70 DEGREES € 10 -25 DEGREES C (1 %72 Creies)

THE JPC IS FURTHER ENPOSED 10 THE JOINTS ACCEPTANCE 1ESTS
VIBRATION THERMAL VACUUM.

REFERENCE TABLE S

THE JPC INTEGRATED IN THE JOINT UHOERGOES AMBIEMI RMS SYSTEM
TESTING (1P 518 RMS STROWGOALK AND TP552 FLAT FLOOR 1€$1)
WHICH VEAITIES THE ABSENCE OFf IHE fAILURE MODE .

OUALIFICATION TESTS

THE JPC IS SURJECIED 10 THE FOLLOWING SRU QUALIFICATION TEST

ENVIRDNHENTS :

O VIBRATION: LEVEL AND DURATION - REFERENCE 1ABLE

0 SHOCK: 206711 MS - 3 ANES (4 DIRECYIONS)

O THERMAL : +81 OEGREES € 10 -35 DEGREES C (8 CYCLES)
1 X 10**4 TORR.

O MMNIDITY: TESTED OM IHE SHOULDER JDINT HUMIDITY FEST.

0 EMC: MIL-S1D-48Y AS WODIFIED @Y SL-E-0002 (Tes)

CE01, CEO3, 501, cs02, CS0&, Reo0t,
RED2 (w/B, RSOL).

FLIGHT CHECKOUT

PDRS OPS CHECKLIST (ALL VEHICLES) JSC 16987

MOKE
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| rwea
REV.
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o1y-2
DIAGRAM
256371t

P'REPARED BT:

NAME. QiT &
oraulng ofs .
DESIGNALION
JOINT POVER
COND I [ 1ONER
SCHEMATYC

-;l_JPERL[DING DATE:

INSTALLED
ﬁmmmﬂmmn‘

SYSIEM: ELECIRICAL SUBSYSIEN
Ass'y p/H:STTZOTTY

PROJECY: SRMS lﬁis MCIY
ASS'Y NOMENT E:
FAILURE MODE FAILURE EfFECT
AND Oon
CAUSE EHD L1EM
MOCE : FOR +/-15 AND
LOSS OF OME 10v: MCIU WILL
OR MORE DETECT ABE
OUTPUTS FAOM COMMUNICAT [ONS
SHOULDER/ FAILURE AND
ELBOV OR APPLY
wist Jec. AUYDBRAKE S
TO THE ARM.
CAUSE(S):
(1) PARIS FOR 5.v:
FATLLRE COMMUTATOR
ouIPUT 811 wiLL
FILIERS INETIATE
TRANSFOAMERS AUIDBRAKES .
OR POVER ENCODER
TRANSIStORS DAIA FROZEN.
FAIL OPEN OR IF FAILURE
SHORED. OCCURS DEFORE

ARM SELECIED
JOINT ANGLE
OAIA WILL OF
INACCURATE FoR
AFFECIED
JOINTS,

LOSS OF POWEN
10 POUER
SWIFCHES.

FOR ALL
CAUSES:

ARN COMES

TO RESI.

LOSS Of
COMPUTER
SUPPORTED
MOCES. LOSS OF
LIMPING DURING
END EFFECTON
CAPTURE, IFf
WRIST JPC: £ND
EFFECTOR AUID
DAIVE MODE MAY
WOT FuMCTiON
CORRECTLY.

WORST CASE
UNENPECTED
MOTION, FREE
JOINT,
AUTOBRAKES,

REDUNDANT PATHS
REMALIHING

NOUNE

/
CALYICALITY

NDLHZI :‘IUHC. IIMVI;)NME fOR ;I-:C!PIMJC'E

SCREENS: A-PASS, 8-PASS, C[-PASS

QA7 INSPECT IONS

UHITS ARE MANUFACTURED UNDER DOCUMENTED OUALITY COMIROIS.
THESE COMIROLS ARE EXERCISED JHROUCHOUL DESECM
PROCUREMENT, PLANNING, RECEIVING, PROCESSING, FABRITAIION,
ASSEMBLY, TESTING AND SHIPPING OF THE UNITS, MAMDAIORY
INSPECTION POINIS ARE EMPLOYED Al VARIOUS SIAGES Of
FABRICAVION ASSEMBLY AND TES]. GOVERWMENT SOURCE
INSPECTIOM 1S IMVOKED A1 VARIOUS COMTROL LEVELS.

£EE PARIS INSPECTION IS PERFOANED AS REOUIRED BY .
SPAR-RNS-PA.003. EACH EEE PART IS QUALIFIED Al THE PART LEVEL
10 VHE REOUIREMENTS OF THE APPLICABLE SPECIFICATION. ALL EEE
PARIS ARE 100X SCREENED AND BURMED IN, AS A MINIMM. AS
REQUIRED 8Y SPAR:ANS-PA.003, 8Y THE SUPPLIER. ADDYTIONALLY,
EEE PARNS ARE 100X AE-SCREEMED IN ACCORDANCE W[ IH
REQUINEMENTS, BY AN INDEPENDENE SPAR APPROVED IESIING
FACILITY. DPA IS PERFORNED AS REQUIRED BY PA.0D3 OH A RANDOMLY
SELECTED SX OF PARIS, WANIMM. S PIECES, WINIMUM ) PIECES [OR
EACH 10T WUMBER/DATE LODE OF PARIS RECE IVED,

WIRE 1S PROCURED 1O SPECIFICATION MIL-W- 22759 OR HIL-W-B1381
AND ENSPECIED AND TESIED TO WASK JSCHAOBD STANDARD NUMBER 554,

RECEIVING INSPECTION VERIFIES THAY ALL PARTS RECEIVED ARE AS
IDENTIFIED N THE PROCUREMEM! DOCUMENTS [HAT NO PHYSICAL
DAMAGE HAS OCCURRED 1O PARYS DURING SHIPMENT THAT THE
RECEIVING DOCUMEMTS PROVIDE ADEOUATE TRACEABSLIIY INFORMAT 0N
AND SCREEWING DATA CLEARLY IDEMTIFIES ACCEPIABLE PARIS,

PARIS ARE FWSPECTED THROUGHOUI MANUFACTURE AND ASSEMBLY AS
APPAOPRIATE 10 THE MANUFACFURING STAGE COMPLETED. IHESE
INSPECTIONS INCLUDE,

PRINTED CIRCUIT SOARD INSPECIION FOR [RACK SEPARATION, DAMAGE
AND ADEQUACY OF PLATED THRDUGH ROLES,

COMPONENT MOUNTING INSPECTION FOR CORRECT SOLDERING, WIRE
LOOPING, SIRAPPING, ETC. OPERAIORS AND INSPECTORS ARE IRAINED
Avg cerlyFigo 1o whsA wip 5300.4(34) STAMDARD, AS MODIFIED
8T JSC O8800A.

COWFORMAL COATING INSPECTION FOR ADEOUATE PROCESSING IS
PERFORMED USING UL IRAVIOLET LIGHT TECHWIQUES.

POST P.C. BD. 1NSTALLATION INSPECTION, CLEAMLINESS AND
WORKMANSHIP (SPAR/GOVERWMENT REP. MANOATORY INSPECTION POINT)

P.C. BD. INSIALLAVION INSPECTION, CHECK FOR CORREC! BOARD
INSIALLATION, ALICNNENI OF BOARDS PROPER CONNECIOR CONTACI
MATING, WIRE ROUIING, SIRAPPING of WIRES Elc,

PRE-CLOSURE IMSPECTION, WORKMAMSHIP AND CLEANLINESS
(SPAR/GOVERNMENT REP. - MANDA[ORY IMSPECTICN POINTY

FRE-ACCEPIANCE 1EST INSPECTION, WHICH INCLUDES AN AUDET oF
LOVER TIER INSPECTION COMPLETION, AS BURLT CONF PGURAL | ON

VERIFICATION O AS DESIGK ENC., (MANDATORY INSPECIION POIN ).
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CRITICAL ITEMB LIsT PROJECT: SAMS {.5 NCIU JNSTAL [{)] SYSTEM: ELECIRICAL SUBSYSIFM
Dbttt D Pttt ASS Y HMIRHTI&IET]OW}'FM*T&MHMH i A;:'\' PR STILORTYTS COSHEED: 4
R

e ——— o — .. D S —_— - . T S e T -
T FREA [ NAME 1Y, & ] paiiuRg mooe FATLLURE €ffecy HDWR / femiC. RATTONALE FOR ACCEPTANCE
REF. REV. oravlng afr . AND oM 21 .
DESIGNAT ION CAUSE END 11EM ERITICALIYY SCREENS: A-PASS, B-PASS, C-PASS
e —— T | e Sl A — DD T LRSS
1185 0 JOIN? POVER Mae: | . T
CONDITIONER 1055 OF owe 1) AUTOSRAKES NeaEST READINESS REVIEW (TRR) WWICH rMCLUDES VERIFICATION 0f
SCHEMAD | ¢ OR MORE (FOR SAFING TEST PLASONNEL TEST DOCUMEN?S, 1ES1 EQUIPHENME CALIBRA] 0N/
-2 CULPUTS From IHE SYSTEN) YALIDATION STalus awp MARDuARE CONFIGURATION 1S CONVENED BY
O 1AGRAN SHOULDER/ QUALITT ASSURANCE 1% COMJUNCIION w1 1Y ENGINEER]NG
258111 ELOW DRt 2) BACK-up RELIABILITY COMFIGURAT 10N couuot, SUPPLIER AS l#PHCIBlE,
WIsE sec, ORIVE AND END AMD IHE GOVENMENT REPRESEMIAISVE PRIOR TO THE START OF AN}
EFFECIOR KANUAL FORMAL TESTING (ACCEPTANCE OR W‘llflflllm}.
CAUSE(S): ORIVE MODES (10
1) PARTS SECURE ACEEPVANCE 1ES1ING (ATP) ENCLUDES AMBIEN] P[RFOI?HAN‘[E,
FAILURE ORBITENY. TRERMAL AND VIGRATION I(S”NG, lSPﬁRfﬁOUERNNENI REP. -
wl:ﬂl RANDATORY INSPECT D8 POINTY,
FILIERS
lllISfd"l! INTEGRAT DN OF UNIT 10 JOINT SAL - INSPECTIONS IRCLUDE
DR POVER GROUND | NG CIIECKS, CONNECIORS FoOR BENT DR PUSHBACK
TRANSIStons CONIACIS, VISUAL CLEANLINESS, INVERCONMELL WIRING AND
FALL OPEN On POVER P TEST 1O THE M’PROP!I-'.IE JOINE INSPECTION TEST
SHORTED, PROCEOURE (I1p) EIC.

KL LEVEL PRE-ACCEPTANCE JEST INSPECTION, INCLUDES AN
ALJIT OF LOVER 13ER INSPECT IOM COMPLET o AS BUILY
CONFIGURAT tON VERIFICATION 1D as DESIGN EfC,

JOINE 1EvEq ACCEPTANCE TESTING (AFP) INCLUDES AMBINET,
VISRALION AND THERMAL - vAC TESTING. :
{SPAR/GOVERNMENT REP. - MANDATORY INSPECT [OM FOINT) .

SRHS SYSIEMS INYEGRANION.  THE INTEGRAT fON OF NECHANICAL ARM
SUBASSEMBL IES AnD 1e FLicwr CABIN EQUIPMENT Tp FORM THE SRNS .
INSPECTIONS ARE PEAFORNED AT EACH PHASE OF INTEGRAT[ON WHICH
INCLUDES GROUND I NG CHECKS  THAY WIRING CHECKS, vIRING ROUTING,
INIEAFACE COMNECIORS FOR BENT 08 push BALK COMIACIS EIC,

SRS SYSTENS TESIING - STRONGABACK AND Fiad FLOOR AMBIENT
PE:N"RMHEE L1310 (SPAR/GOVERNME N REP. - MANDAIORY INSPECTIOM
POLMT)

v MEG SUPEACEDING DATE : WONE
MiwG_ NOWE_
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CRITICAL ITEMB LISBT

HANE  Qfy. &
pRaving sfs .
DESTIGRATION
1168 0 JOINT POVER
CORDY T HONER
SCHEMATIC
olt-2

DIAGRAN
2563111

FMEA
REV.

I'R[!‘li!ﬁ BY: MHEWG

JSUPE RCEDING DATE:

PROJECT
ASS'T NOM

FAILURE MODE FAILURE EFFECI

AND on

CAUSE END I1ENW
WODE 1OR +/-15 AND
LOSS OF OME 10v: MCIU MILL
DR MORE DETECT ABE
OUIPUTS FROM COMMUNICAT {ONS
SHOULDER/ FAILURE AND
£L8OV OR APPLY
WIST JPC. AUTOBRAKES

10 THE ARM.

CAUSE(S);
(1) PARLS FOR 5.1v:
FALLURE COMUTAIOR
OUIPUT BITE witl
FILIERS IMITEATE
taansrokmers AUTOBRAKES , -
O/ POMER ENCODER
TRANSISTONS DAIA FRO2EN.
FAIL OPEN OR IF FAILURE
SHORTED. OCCURS BEFORE

ARM SELECIED
JOINT AMGLE
DAIA WILL BE
INACCURATE FOR
AFFECTED
JOINIS,
LOSS OF POMER
10 POMER
SWITCHES,

FOR ALL
CAUSES:

ARM COMES

10 REST.

1055 OF
COMPUTER
SUPPORTED
MODES. 1055 Of
LINPING DURING
EWD EFFECTIOR
CAPIURE. 1F
WRIST JPC: END
EFFECTOR AUD
DRIVE MODE MAY
NDT FUNCTIHON
CORRECTLY.

WORST CASE
UNENPECTED
WOTION. FREE
JOINT.
AUTOBRAKES.

REDUNDAMT PAIHS
REMAINING

NUNE

?E;%IT#&S:HC'U.I"sl‘liggﬂﬂﬁTTlﬂﬂrl_""_"

SYSIEM: ELECTRICAL SUBSYSTEN
assty e/ SITEOFTY

umu; a".lUIC. i!l‘iﬂﬂl& FOR il{[h’ﬁ"té
/

CRETICALERY

SCREENS: A-PASS, B PASS, C-PASS

FALLURE HISTORY T

THERE MAVE BEEN MO FAILURES ASSOCIATED WiTH IHIS FAILURE
MODE ON YHE SAMS PROGRAM.
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CRITICAL TTEMS LIST

. TMEA
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NANE. O1F, ¢
oRavlng alr,
DES IGNATTOM

JOINE POVER
COND I FIONER
SCHEMATIC
orr-2
DIAGRAM
2561

fAHURE MODE
AND

MOOE :

LOSS OF OnE
OR MORE
OUTPULS FROM
SHOULDEN/
ELBOU O
WRIST JrC,

CAUSE(S):
(1) PARTS
FAILURE
OUTPUT
FILIERS
TRANSFORMERS
OR POVER

IRANSISTORS
FAIL OPEN ON
SHORTED .

FREPARED BY:

MENG

SUPERCEDING DAJE: NOME

PROJECT: SRMS (-5 NCU JNSTALLE
ASS 'Y umtlﬂ.'l’mh;': ﬂ!!i le'ﬁ Hﬂﬁ"lﬂﬂn‘_“
2/

FAtLURE U—F_;CI'
oN
END 1TEN

1) AuloBRaxes
LFOR SAF NG
THE SYSTEM)

2} BACK-UP
DNIVE AND END
EFFECTOR MANUAL
ONIVE MOBES (10
SECURE
ORDITER).

SYSIEN:
ASS'Y ps

HOVR f FuNC,
CRETICALYY

OPERATIONAL EFFECIS

COMPUTER SUPPORTED MODES CANNOI
WISSION. DIRECT DRIVE AND BACKU
ATIACHED
PATLOAD RELEASE. 1L0SS OF NEKT
ONE FAILURE AVAY FRCM IWABIL|IY

LECIRICAL SUBSYSIEN
TRorwe

: SHEE ) :

nnbuiu'mn ACCEPIAKCE
SCAEENS: A-PASS, B PASS, C-PASS

BE USED 10 COMPLEIE THE
P MODES REMAIN. I PATLGAD

THE ARM SHOULD BE MANOUVERED 1O A SAFE POSIIION foR

EQUNDANT PATH RESULTS IN BE (WG
TO CRADLE ARM. If wiIy

SUBSEQUENT FAILURES AtL DRIVE MODES ARE LOST, THE ARM MAY BF

JENVISONED.
CREV ACVION

APPLY BRAKES.
CREV TRAINING

SELECT BACKUP,

THE CAEW WILE BE TRAINED 1O 0ase
RESPONDING PROPERLY [0 COMMANDS .

RISSTON CONSIRAIND

OPERATE UMDER VEANIER RATES VITH
OPERAIOR MUST BE ABLE 1O DEYECH
PAGPERLY TO COMMANDS V(A UiNDOU
ARM OPERATIONS,

OMRSO OF FL INE

VERIEY ABE DATA foR WRAPAROUND ,
SUPPORIED MODE. VERIFY ENCODER ¢

OMRSD ONLINE INSTALLATION

VERLEY THAT ABE waNING 1S kor P
DRIVE EACH JOINT N SINGLE, VER}
MOVEMEMT (SMALL).

—_—

RVE WHETHER THE ARM )5S

N 10 #T OF SIRUCIURE. VHE
THAT IHE ARN IS RESPOND NG
AND/OR CCTV VIEWS DURTNG ALL

BRIVE EACH JOINT IN COMPULER
HANGES VALUE .

RESENT
Y YACHO SIGNATURE AND ENECO{'R‘
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